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Biographical Memoirs impression on him and in later years he would speak of Orton always with affection and respect; he even conservatively adhered himself to minor tricks of technique that he had picked up from his teacher.
In 1911 King was awarded an Industrial Bursary by the Royal Commission for the Exhibition of 1851. This type of bursary had been recently instituted by the Commission with the object of encouraging young university graduates in science to enter industry. It seems that the initiative in this project must have come entirely from the Commission; King's experience at least was that, in spite of his good academic record it was extremely difficult to find a suitable opening. Finally he obtained an appointment in the Gas Light and Coke Company's Tar and Ammonia Products Works at Beckton; here he was engaged in the Analytical Laboratory, and gained some useful experience, but it was clear to him that no opportunities for serious research existed, and after six months he moved to a temporary post in the Wellcome Physiological Research Laboratories at Herne Hill.
Although King's stay in these laboratories was again of short duration, the experience was probably the turning point in his scientific career. The laboratories were under the direction of H. H. Dale; King himself worked under the general supervision of George Barger, to whom he had had a letter of introduction from Orton and who had only recently left the Wellcome Laboratories for Goldsmith's College. King worked in immediate collabora tion with A. J. Ewins and thus obtained an introduction to research on alkaloids, which later became one of his major interests. What was more important however was that in the Wellcome Laboratories King came for the first time into the environment of biological research. The collaboration between Dale and Barger which has had such fruitful results for physiology and pharmacology had been at its height for some years, and the scientific atmosphere was exhilarating; moreover in these laboratories King had before him an outstanding example of the way in which chemists and biologists can work together to their mutual advantage, and this must have had considerable influence on him in later years.
After six months at Herne Hill King obtained a post in the experimental department of the Wellcome Chemical Works at Dartford; after a period of training in analytical work this appointment brought him into the laboratory of the late F. L. Pyman, with whom he worked on the glycero-phosphates and from whom he learnt much in experimental technique. With the coming of war in 1914, King was drawn into the desperate effort that had to be made to establish a synthetic drug industry in this country, which had hitherto depended almost entirely on the products of the German manufacturers; he was transferred temporarily to the manufacturing department and there put in charge of work on the large scale preparation of salicylic acid. Having solved this problem he returned to Pyman's laboratory and succeeded in developing a satisfactory process for the preparation of aspirin with stability equal to that produced by Bayer and at an economic cost. Apart from other practical problems of a similar character, King undertook in Pyman s laboratory researches on hyoscine which gave him further experience in alkaloidal chemistry.
In 1919 came the appointment which settled the future course of King's scientific career. The Medical Research Committee (as they then were) had decided already before the outbreak of war in 1914 that one of their primary objects should be the establishment of a central institute for laboratory work in medical science; they had purchased a building for this purpose at Hampstead, which had been in use as a hospital, and they had appointed certain key members of staff. The outbreak of war made it impossible to proceed with the plan, since the Hampstead building was required for hospital purposes, and the staff carried out their war-time researches in various institutions. The staff included H. H. Dale and G. Barger under whose general direction King had already worked at Herne Hill and who, during the war, were accommodated in the Lister Institute. At the end of the war Barger was appointed to the chair of Chemistry in Relation to Medicine at the University of Edinburgh and King was offered and accepted a post as chemist on the scientific staff of the Medical Research Committee, with special responsibility for the study of drugs; at the same time the late H. W. Dudley joined the staff to take charge of biochemical research.
From this time until his retirement in 1950 King worked continuously for the Medical Research Council, and in the course of more than thirty years he built up for himself a high international reputation as an organic chemist, at the same time making outstanding contributions to the application of organic chemistry to medicine, both by his own work in the laboratory and by his efforts to keep chemotherapeutic research in the forefront of scientific investigation.
Scientific work
King's scientific work falls into three main divisions, namely researches on chemotherapy, work on alkaloids of medical interest and the theoretical contribution which he made together with Otto Rosenheim to the chemistry of the steroids.
Chemotherapy
The researches on chemotherapy were taken up in a sense as part of the terms of reference of King's appointment to the scientific staff of the Medical Research Council. The Council were ahead of their time in the emphasis that they laid on the importance of chemistry in medical research, as was shown by the appointments they made to their initial staff; in choosing an organic chemist such as King however they had particularly in mind the need to develop chemotherapy, the power of which had been shown by Ehrlich's discovery of salvarsan.
At the time when King started his work on this subject salvarsan was still the only chemotherapeutic agent of real importance, and his first contribution was a study of the impurities contained in commercial preparations of the drug which were proving troublesome in its therapeutic application; he succeeded in identifying the principal impurity as 3:3'-diamino-4:4'-dihydroxy-5-sulphoarsenobenzene monohydrochloride; this compound could occur in considerable amounts in some samples of salvarsan and was sufficient to account for the greater part of the sulphur content of these specimens; moreover it was twice as toxic as pure salvarsan, and thus was clearly responsible for some at least of the trouble that had been experienced.
It had been known for a number of years that a variety of organic arsenical compounds were active against experimental trypanosomal infections in animals, and one such compound, phenylglycinamide-/>-arsonic acid (tryparsamide), had been brought into clinical therapeutic use. Apart from this the earlier observations of the trypanocidal activity of trypan red had led to the development in Germany during the first world war of the very valuable trypanocidal drug Bayer 205 (now known as suramin), a colourless compound having a general similarity in chemical constitution to trypan red. In suramin two aminonaphthalene sulphonic acid residues are linked by a number of arylamide groups. One of the remarkable properties of suramin is the persistence of its therapeutic action, and King conceived the idea that by similar linkage of two />-amino-phenylarsonic acid residues he might produce a drug as powerful therapeutically as the available arsenicals but with the additional virtue of a long-lasting effect. In this hope he was disappointed, since the products turned out to be insoluble and devoid of trypanocidal activity; such activity was however observed in the intermediate arylamides of jfr-aminophenylarsonic acid, and King spent much time in the development of this observation, producing large numbers of compounds, many of which showed some degree of trypanocidal activity in experimental infections. No drug of value for the treatment of human disease emerged from these studies however, and so far as the immediate object of the investigation was con cerned the work met with the fate all too common in chemotherapeutic research where much industry and careful thought are expended to little apparent purpose.
More rewarding was the later development of King's work on arsenicals, when he took up the study of the thioarsenites formed by the reaction between arsenious oxide derivatives and thiol compounds. This work greatly extended the views advanced by Voegtlin, that the lethal action of arsenical drugs on spirochaetes and trypanosomes was due to interaction with essential thiol groups in the organisms. Furthermore it afforded a reasonable basis for the idea that had been formed that pentavalent arsenical drugs (arsonic acid derivatives) exercised their therapeutic effects only after reduction in the body to the corresponding arsenoxides. Finally the experimental work that King did on the thioarsenites, especially with reference to the reversibility of the reaction between arsenoxides and thiol groups, was a valuable pointer to the important later discovery by Stocken, Thompson and Peters of BAL, the most successful known antidote to arsenical and heavy metal poisoning. As a side issue of his systematic chemotherapeutic work on arsenicals King published a valuable series of papers on the constitution of sulpharsphenamine and neoarsphenamine.
Another branch of chemotherapy that interested King over a number of years was antimalarial action. In this research his starting point was the exploration of the effects of modifications in the structure of the cinchona alkaloids on their antiplasmodial action on bird malaria; he reached the conclusion that essential features for biological activity were the presence of a carbinol group in the 4-position of the quinoline ring and the close attach ment to this group of a tertiary nitrogen atom, which in the cinchona alka loids is represented by the nitrogen of the quinuclidine nucleus. Proceeding on this assumption he synthesized a number of analogues of cinchona alkaloids in which the quinuclidine nucleus was replaced by piperidine or its N-substituted derivatives; one such compound, namely 4-(6-methoxyquinolyl)-a-piperidyl carbinol showed in fact a high degree of antiplasmodial activity. Later he was able to show that the same kind of biological activity was to be found in even simpler compounds, such as dialkylaminomethyl-6-methoxy-4-quinoline carbinols and a similar series derived from 6:7-dimethylquinoline.
This considerable body of work again failed to lead directly to a practically useful antimalarial drug. King's contributions however had an important influence on the development of the vast programme of work undertaken in the United States during the war in the search for new synthetic antimalarials.
In 1935 it was shown by von Jancso and yon Jancso that the compound synthalin (decamethylenediguanidine) which had formerly found transient application as an agent for lowering the blood sugar, had a trypanocidal action which they supposed to be exercised through the host by depriving the parasite of its main source of energy. It was however shown by the late Warrington Yorke that synthalin had a direct action on trypanosomes. This observation was taken up by King who showed, in conjunction with the late E. M. Lourie and Warrington Yorke himself, that long aliphatic straightchain diguanidines, diwothioureas and more particularly diamidines all showed antitrypanosomal activity; he later discovered that the long aliphatic chain could be replaced by the naphthalene nucleus. A direct result of this work was the development by A. J. Ewins of stilbamidine (4:4'-diamidinostilbene), which is the most useful known drug for the treatment of kala-azar.
King was associated with his colleague James Walker and with C. H. Andrewes in the discovery of the anti-rickettsial activity of jfr-sulphonamidobenzamidine; this was a most important observation in that it was the first demonstration that rickettsial infections (now for the most part controllable by antibiotic therapy) were susceptible to chemotherapeutic treatment.
Alkaloidal and pharmacological chemistry Throughout King's scientific career he maintained a continuing interest in the chemistry of alkaloids. Whilst he was in the Wellcome Chemical Labora-
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Biographical Memoirs tories, and as the result of his task of recovering hyoscine from works residues, he carried out a difficult research on the resolution of hyoscine and of its components, oscine and tropic acid, which clarified the complicated stereochemistry of this alkaloid. He isolated muscarine from Amanita muscana, showing that it was a substance of greater complexity than had hitherto been supposed. His great contribution to alkaloidal chemistry came however with his work on curare; this is in itself a classical exercise in organic chemistry and it has led to results of far-reaching importance in pharmacology and therapeutics.
The work on the chemical transmission of nervous impulses that had been carried out for many years in the laboratory of Sir Henry Dale at the National Institute for Medical Research had naturally resulted in a strong interest in all substances affecting neuromuscular transmission, and it was this interest that induced King to take up the study of curare. As a source of material he took in the first instance the South American arrow poison tube curare. Earlier work by others had suggested that the active principles of the various native preparations of curare were of the nature of quaternary alkaloids, but no pure compound had been isolated. King succeeded in isolating from tube curare a crystalline quaternary alkaloid (</-tubocurarine chloride) and in showing that this was in fact the active principle. In later work he repeated the isolation of tubocurarine chloride from Chondrodendron tomentosum, thus proving the botanical origin of the alkaloid.
Having the pure alkaloid in his hands, King proceeded to study its con stitution; he was immediately able to show its close relationship to the tobenzylwoquinoline tertiary alkaloid bebeerine, demonstrating that O-methyW-tubocurarine chloride and O-methyl-bebeerine methochloride were diastereoisomerides; further structural work showed that the orientation of the phenolic groups was in fact the same in the two alkaloids.
In parallel with his work on cf-tubocurarine chloride King isolated and classified the phenolic alkaloids contained in a second native arrow poison, pot curare, and later he carried out a separation of the alkaloids of Strychnos toxifera, the source of the third commonly used arrow poison, calabash curare.
The availability of pure </-tubocurarine chloride that resulted from King s work was of immediate medical importance. With the pure alkaloid m hand, dosage could be accurately controlled and safe use could be made of its muscle relaxing properties. In surgical operations the administration of small amounts of ^-tubocurarine chloride makes it possible to achieve the muscular relaxation required with a much lighter degree of anaesthesia than would otherwise be needed; this is particularly valuable in surgery of the abdomen. </-Tubocurarine also found a useful place in the electro-convulsive treatment of certain psychoses, where it could be used to soften the (sometimes danger ous) force of the muscular contractions.
Still greater medical significance attaches however to work that has developed directly from the investigations of curare. An outstanding feature of the molecule of d-tubocurarine chloride is the presence of two quaternary ammonium groups separated from one another by ten atoms. Reflexion on this, together with knowledge already available concerning the pharmaco logical effects of quaternary ammonium salts, led King to speculate on the possibility of reproducing the effects characteristic of curare by much simpler compounds. He therefore encouraged Dr Eleanor Zaimis, working in his laboratory, to synthesize a series of compounds consisting of straight aliphatic carbon chains to each end of which was attached a trimethylammonium iodide group. Pharmacological test of the member of this series containing ten carbon atoms (decamethonium iodide) revealed in fact that it possessed powerful muscle-relaxing properties. Superficially indeed its action was qualitatively indistinguishable from that of ^/-tubocurarine chloride and, in appropriate dosage, it could be used for similar therapeutic purposes. It should be noted that later physiological analysis has shown that the detailed mode of action of decamethonium is different from that of the alkaloid, but this fact does not detract from the pharmacological interest of the simpler compound.
Much more important however than the discovery of decamethonium was the result of pharmacological test of other members of the series. This investigation by Dr W. D. M. Paton and Dr Zaimis herself revealed a totally unexpected property in the members of the series containing five and six carbon atoms; these compounds proved to be powerful blocking agents for sympathetic ganglia, as the result of which their outstanding physiological effect was to produce a fall of blood pressure. It was soon found that the methonium compounds could, under proper control, be safely used as hypo tensive agents in man. The discovery of penta-and hexa-methonium, with the development of other compounds on their model, has in fact resulted in the introduction to medical practice of the first really effective series of drugs for the treatment of hypertension, and has thus produced a major advance in the therapy of a common and hitherto intractable malady.
Before leaving the general subject of pharmacological chemistry mention should be made of King's work on the impurities present in commercial ether and on the chemistry of the deterioration of ether on storage. The results that he obtained had an important influence in the improvement of the quality of ether supplied for anaesthetic purposes.
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Steroids It is paradoxical that although King was first and foremost an experi mentalist his name will probably be best remembered for his part in a contribution towards which he did no experimental work whatever. In the early 1930's the accepted formulae for cholesterol and the bile acids were those that had been constructed on the basis of many years of work by the German chemists, principally Windaus and Wieland. These formulae pre sented several awkward features and elements of doubt, and the doubts were increased by the results of Bernal's X-ray crystallographic studies. The chemistry of cholesterol and the bile acids had long been a matter of interest to the late Otto Rosenheim who was at that time working in the National Institute for Medical Research, and he and King had many discussions on the subject. In his biographical memoir of Rosenheim, King himself has described how, at the end of one of these discussions, he was inspired with the notion that what was needed to allow a satisfactory interpretation of the observed facts was a fundamental rearrangement of the rings in the accepted structure. It was thus King who had the essential idea, but it is doubtful whether he would himself have developed it further had it not been for Rosenheim's persistence and intense interest in the subject. At any rate, in the event, the two men worked closely together on the problem and the ultimate contribution was truly a joint one.
The proposal for a reconsideration of the sterol and bile acid formulae was made in a short communication published by Rosenheim and King in Chemistry and Industry in 1932, and their views were elaborated in several subsequent papers in the same journal. In the first paper a reasoned argument was put forward in support of the fundamental suggestion that the ring structure of the sterols was that of chrysene; it was shown that this system of four fused 6-membered rings would accommodate most of the known facts of the chemistry of cholesterol and the bile acids more easily than the existing formulae, whilst it provided an intrinsically more probable structure in the light of the X-ray crystallographic results.
It is remarkable that in spite of the weight of authority behind the existing formulations the idea put forward by Rosenheim and King was immediately accepted in principle, particularly by those chemists who had done most work in the field. In detail it was shown by Wieland and Dane that a more probable formulation made the fourth ring a 5-membered structure, this however was a minor modification and did not affect the main reasoning of Rosenheim and King, by whom it was accepted.
Important as was the revision of the formulae of cholesterol and the bile acids that resulted from the work of Rosenheim and King the matter did not end there. For into the general group of compounds based in common on the cyclopentenophenanthrene ring structure fell also the sex hormones, the adrenocortical hormones, the steroid saponins, and the heart poisons such as strophanthidin. The chemistry of cholesterol, and with it the chemistry of all these other groups of biologically important compounds, had virtually reached a deadlock when Rosenheim and King put forward their hypothesis; this hypothesis broke the deadlock; in doing so it opened up a vast field to systematic chemical investigation, and it will stand in the history of organic chemistry as one of those few ideas that have revolutionized a whole branch of the subject.
Harold King was one of those rare individuals who are perfectly suited to a lifetime of work in a research institute. Quiet and retiring in disposition he enjoyed the sheltered environment that such an institute can offer and in which he could spend his days almost uninterruptedly at the laboratory bench which he loved. Many people, after some years of this sort of life, feel the need of additional responsibilities for their own intellectual and moral satisfaction. For King this was not so: he had no interest in teaching or in administration, nor did he apparently need the intellectual stimulus of teaching which many scientific men find so valuable; his inspiration in research came from his own well ordered mind, his persistent scientific curiosity and his contacts with his immediate colleagues, and he remained as fresh in his scientific outlook on the day he retired as he had been when he joined the staff of the Medical Research Council more than thirty years previously.
Although King sought no work outside the laboratory he was ready enough to take on such other tasks for the Medical Research Council as were clearly his duty. He served as chemical secretary of the Council's Chemotherapy Committee for many years, and he performed a great service in the prepara tion and circulation of Chemotherapy Abstracts', these were a most useful of information, and did much to preserve and to extend interest in chemo therapeutic research in this country. During the second world war he under took the secretaryship of the Committee on the Synthesis of Penicillin; this was an exacting task, involving him among other things in a visit by air to the United States, which was the first and, apart from a holiday to Ireland, the only occasion on which he left the shores of this country. Much as he enjoyed this visit, it did not inspire him with the desire for further foreign travel, and indeed he remained to the end of his life unashamedly insular in his general outlook.
King was a loyal Fellow of the Chemical Society and for many years an assiduous attender at its meetings. He was a member of the Council of the Chemical Society during 1928-31, and he served for two periods on its Publication Committee. Amongst his other outside activities in science may be mentioned his work for the Pharmacopoeia Commission which he served as a member of the Alkaloids Committee as well as of Chemical Revision Committees.
As a member of the scientific staff of a research institute King was a most valuable man. He was by nature cool and reserved in personal relationships but he was always ready to help a colleague from his own great store of knowledge; moreover he held the loyalty and respect of a succession of junior colleagues, whose names have for the most part not been mentioned in this memoir but to whom he owed much for the progress of his work. His own scientific interests were wide and he was well acquainted with the researches that were going on in other laboratories of the Institute. This enabled him on more than one occasion to take the initiative in promoting collaborative researches; it is evident from what has been said of his scientific work that such collaborations were profitable, and they were happy so long as his colleagues were careful to give full recognition to the part that he had played; on this point he could at times be sensitive.
Apart from motoring and his garden (which he tended with all the neatness and precision that was characterictic of his laboratory work) King's principal recreation was his scientific hobby of amateur entomology. It was his interest in this subject that determined his choice of district for his retirement; when he left the Institute he settled in a house near Wimborne from which he could easily make collecting expeditions to Cranborne Chase and the surrounding district. King's attitude towards his entomological activities was in curious contrast to that which he adopted towards his professional scientific work; in entomology he remained entirely the observer naturalist, and showed little interest in the experimental approach; he took his natural history seriously however, and by the time of his death he had made much progress with a systematic survey of the Lepidoptera of the area in which he lived; it was pleasant for his friends to observe the happiness and satisfaction that he evidently found in this work. King retired some years before he needed to, and at a time when it was obvious to this colleagues that his capacity for scientific work was unimpaired. It was characteristic of the man that he should quietly decide, without con sultation with anyone else that he had made his contribution and that the time had come when he could reasonably allow himself leisure to pursue his other interests; this decision having been made, he was unmoved by all the efforts that were made to persuade him to continue his research work for a few years longer. The contentment that he achieved in the last six years of his life showed that on this as on other occasions his judgement as to what was best for himself was better than that of others.
The value of King's research was well recognized by his immediate colleagues and by those in other branches of science on which his discoveries impinged; those who were intimately acquainted with his work felt however that the magnitude of his contribution to organic chemistry might well have received wider recognition than it actually did, partly perhaps because he was never a man to push himself forward. 
